BACKGROUND
Exocrine acinar cells have been the model of choice for examining phosphoinositide and Ca 2+ signaling for decades. Initial evidence that muscarinic receptor activation resulted in PI metabolism was demonstrated by Hokin and Hokin using pancreatic slices in 1953 (6) . Nearly ten years later, Douglas and Poisner established a requirement for Ca 2+ in ACh-induced secretion from the structurally and functionally related submandibular salivary glands (3) . While it was hypothesized that the two processes were linked (11) , direct evidence for InsP 3 -induced mobilization of Ca 2+ was not available until 1983 (16) . In this landmark study, also using cells from the exocrine pancreas, Ca 2+ was released from intracellular stores upon treatment of permeabilized cells with InsP 3 . Since then, this process has been documented in virtually every cell type and hundreds of different agonists have been shown to bind to receptors that trigger the production of InsP 3 and the subsequent generation of Ca 2+ signals (1) .
Consistent with the polarized nature of acinar cells InsP 3 -mediated Ca
2+ signaling in these cells exhibits highly organized spatial characteristics (15) . Instead of Ca 2+ rising uniformly in all regions of the cell, Ca 2+ signals in acinar cells initiate in the apical region of the cells and proceed to the basolateral regions (4, 7) . The basis for this organization likely arises from the subcellular localization of InsP 3 R (8). In fact, immunofluorescence studies have established that InsP 3 R are highly enriched in the apical domains of acinar cells (9, 13, 22) . This specialized localization likely allows for very efficient activation of Ca 2+ activated Cl -channels and zymogen granule fusion. The spread of Ca 2+ signals to more distal regions of the cell allows information to be received by Ca 2+ activated K + channels and cell nuclei in the basal region of the cell (2, 10) . At low levels of stimulation, Ca 2+ signals can be retained in the apical domains (8, 19) . Activation by levels of agonist thought to be in the physiological range typically produces repetitive Ca 2+ transients, or oscillations (17, 23 
Buffers
Imaging buffers consist of HEPES buffered saline solutions of the following composition: 
Light source
We use a Till Photonics Polychrome monochromator to provide rapidly switchable excitation light. The monochomator and image acquisition is controlled by TillVision software (tillphotonics.com).
Monochromaters based illuminators and integrated "Turnkey" imaging systems are also available from Cairn (Cairnresearch.co.uk). Other researchers use halogen illumination coupled to appropriate filter changers to provide excitation light. Many solutions are available but popular filter based excitation systems are available from Sutter Instruments (Sutter.com) and Applied Scientific Imaging (Asiimaging.com) Laser illumination can also be used for single wavelength illumination.
Camera
In general imaging of cytosolic Ca 2+ signals requires a camera with sufficient sensitivity for the detection of relatively low light levels, a reasonable resolution in terms of senor chip architecture, and the ability to collect images relatively rapidly. The weight placed on each of these characteristics should be matched to the Investigators requirements. For the majority of our applications, we use Cooke Sensicam QE 12 bit digital frame transfer cameras. The camera has a 12 bit dynamic range, is high resolution consisting of a sensor of 1376 x 1040 pixels with 6.45 pixel size (each pixel ~160 X 160 nm at 40 x), is peltier cooled (-14 o C) which results in extremely low noise and is capable of imaging with exposure times of 500 nS. Less expensive, non cooled cameras with smaller format chips (i.e 512 x 512 pixels) are totally acceptable for more routine imaging, whereas cameras with back-thinned electron multiplication chips (EM cameras) may be required for rapid or low light level imaging. We have also used cameras from major manufacturers such as Hamamatsu (Hamamatsu.com), Andor (Andor.com) and Photometrics (photometrics.com) with equal success.
Imaging chamber
We typically use an Attofluor chamber from Invitrogen. An assortment of chambers are also available from Warner instruments.
Perfusion
Inverted syringes with luerlock valves provide convenient reservoirs which can form the basis of a gravity-fed perfusion system. We also use commercially purchased perfusion systems with electronically controlled pinch valves. These systems are available from Warner Instruments and Bioscience Tools. For experiments using Fura2, we typically alternately excite the dye loaded cells with 340 and 380 nm light at a rate of between 1-10 Hz and light emitted above 500 nM is collected by the camera. We routinely monitor "on line" the emission as a result of each excitation wavelength, as well as the 340/380 ratio during the experiment. A concurrent anti-parallel change in each signal should be reflected in the ratio change and is indicative of a change in [Ca 2+ ] (Figure 1 A) . Most commercial imaging software will calculate the mean ratio in multiple user defined region of interest (ROI) and published data is often simply reported as a change in the 340/380 ratio within a ROI without conversion to absolute [Ca 2+ ] (Figure 1 B) .Turnkey imaging systems typically are controlled by bespoke software, however several packages are available which have software drivers available to control a host of light sources and cameras. Examples include Metamorph (metamorph.com) and Imaging Workbench (Indecbiosystems.com). Increasingly drivers are also available for the free, NIH developed, imaging software "Image J" (rsbweb.nih.gov). Investigators are encouraged to explore this possibility and also to use this software for post acquisition analysis. Typical responses to physiological concentrations of the secretagogues carbachol and cholecystokinin are shown in figure 1 B/C and to a high concentration of CCK in 1D. Low concentrations of agonists tend to result in the initiation of an oscillating Ca 2+ signal with specific characteristics depending on the stimulating agent. High concentrations uniformly result in a "peak and plateau" type response. Spatial information can also be gleaned from the images. A series of images depicting the apical initiation from a triplet of cells stimulated with 1 μM CCh is shown in Figure 2 . Variations on the experimental conditions will allow the investigator to probe the contributions of various sources of Ca 2+ using appropriate pharmacological tools and genetically modified mice. For example, a useful variation of this general paradigm is to assess the effects of removal of extracellular Ca 2+ on the overall response as a means of gauging the contribution of Ca 2+ influx to a particular response. 
Protocol for

Calibration of Fura
Protocol for Measuring [Ca 2+ ] i Changes Following Photolysis of Caged Molecules in Intact Acini
A powerful variation of this general imaging paradigm described above is to combine the image acquisition with a means to provide concurrent illumination with a UV light source to photolyse chemically caged second-messenger precursors. Currently, cell-permeable caged versions of Ca 2+ and InsP 3 are available from
Invitrogen and Axxora, respectively. These compounds can be loaded into cells in a similar fashion to the indicator dyes as a function of lipophillic cleavable ester moieties conjugated to the cage. Because photo-destruction of the cage is accomplished by UV light, imaging is usually performed utilizing single wavelength dyes excited by visible light to ensure that image acquisition per se does not release active secondmessenger. Slight modifications to the protocol and equipment described in section 5 are needed to perform these experiments.
Equipment
All equipment described in section 4 is appropriate for these experiments. In addition a suitable UV light source together with a means to integrate this to the imaging system is necessary. Suitable light sources include UV flash lamps and lasers either focused through the epifluorescence condenser or focused from above the stage. We use a condenser which allows simultaneous fiber optic input from the Till monochromator and UV light source directed to the objective through a 400 nm dichroic mirror. This arrangement separates the imaging light from the photolysis light and provides a brief (50 mS) pulse of intense UV light across the entire imaging field. This equipment is available from Till Photonics. Cairn Instruments and Rapp Optoelectronics also sells elegant solutions to provide UV light for flash photolysis.
Dye loading
Repeat steps 5.2 a-d incubating cells with 1-5 μM Fluo4-AM and 1-5 μM Caged InsP 3 -PM or 10-50 μM NP-EGTA-AM (caged Ca 2+ ) concurrently.
Imaging
Repeat steps 5a-d. Fluo4 is excited at 488 nm and emission is detected above 520 nm. More rapid data acquisition can be achieved using single wavelength indicators (~ 50 Hz with our imaging system). Typically we image for a period to establish a baseline and then trigger the UV pulse (~50-100 ms exposure at user defined energy level). Varying energy allows a grading of the intensity of UV exposure and in turn active second-messenger released. This can be performed manually or controlled by analog/digital input pulse and controlled by computer software. A series of images and the kinetic plots of a typical experiment where InsP 3 is released locally in the apical pole of a pancreatic acini is shown in Figure 3 . Data is often presented as a pseudoratio where each image is normalized to an average of some number of baseline images. We typically will present images which are the change vided by the mean of the initial 10 frames (F 0 ) on a frame-by-frame basis. This analysis facilitates comparing changes in fluorescence between individual cells.
Protocol for Measuring Ca
2+
Release From Intracellular Stores 
Experimental Buffers
Careful buffer preparation is essential to obtain meaningful information. Ensure the proper pH of all experimental solutions since the affinity of EGTA for Ca 2+ is highly pH-dependent. figure 4A /B. Cells loaded with Furaptra prior to β-escin treatment are shown in figure 4a. release. For the experiments described in figure  4 , flow rates were typically greater than 4 ml/minute providing rapid exchange of the small volumes (< 500 μL) present in the imaging chamber.
c. In order to mitigate bleaching, use higher binning and reduce the exposure times (4 x 4 and 20-40 ms respectively) during image acquisition. In addition, limit acquisition rates to 0.1 Hz during the "loading" phase when kinetic information is not required. Even under optimal conditions, bleaching typically prevents recording of more than three or four release events per experiment.
Data processing
Relative InsP 3 R activity under various experimental conditions can be determined from these recordings by fitting the decrease in fluorescence ratios to exponential functions. Limiting the fitting to the initial 20-30% reduction in 340/380 ratio allows fits to be made with single exponentials. An example of the type of information gained using these conditions is shown in figure 4C and D. 
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